Nonsuicidal self-injury (NSSI), deliberate behavior resulting in self-inflicted damage to oneself, is common, particularly among female adolescents, and may be a form of maladaptive emotion regulation. Cognitive interference, a specific type of processing associated with inhibiting prepotent responses in favor of less automatic ones, is utilized in treatment strategies to shift patients' thoughts and behaviors away from maladaptive responses and replace them with more adaptive ones. We examined cognitive interference processing using the Multi-Source
Introduction
Nonsuicidal self-injury (NSSI) is deliberate behavior resulting in self-inflicted damage without suicidal intent. Although skin cutting is most common (Nock, 2009a) , many engage in multiple methods of NSSI (Victor & Klonsky, 2014) , including scratching, picking, burning, bruising, etc. (Hooley, 2008; Nock, 2009b) . NSSI is common, with 5.9% of adults (Klonsky, 2011 ) and up to 23% of adolescents reporting a history of NSSI (Jacobson & Gould, 2007) .
Adolescent females are three times more likely to engage in NSSI than males (Barrocas et al., 2012) . Additionally, although NSSI occurs without suicidal intent, it is a salient risk factor for suicidal behavior (Ribiero et al., 2016) , which is especially troubling given that suicide is the 10 th leading cause of death in the US (Kochanek et al., 2016) . Acute negative affect (e.g. anxiety, worthlessness) typically precedes NSSI, and self-injurers report reduced negative affect afterward (Klonsky, 2007) suggesting that these behaviors are somehow reinforcing and may represent maladaptive coping/emotion regulation strategies (Hooley & Franklin, 2017; Nock & Prinstein, 2004; McKenzie & Gross, 2014) .
Deficits in executive function have been observed in NSSI populations including increased perseverations on the Wisconsin Card Sorting Task (WCST; Claes et al., 2015) ; increased risky decision-making on the Iowa Gambling Task (Claes et al., 2015; Oldershaw et al., 2009 ); more errors on the Stop Signal Task (Allen & Hooley, 2015; Fikke et al., 2011) ; and less efficient strategy scores during a Spatial Working Memory task (Fikke et al., 2011) . Although several studies have not reported impaired executive function in NSSI relative to healthy control (HC) participants (Andover et al., 2011; Claes et al., 2012; Glenn & Klonsky, 2010; Janis & Nock, 2009; McCloskey et al., 2012; Ohmann et al., 2008; Vega et al., 2015) , the absence of significant findings may be related to a variety of factors. For example, increased severity M A N U S C R I P T COGNITIVE INTERFERENCE IN NONSUICIDAL SELF-INJURY 5 (Fikke et al., 2011; Williams et al., 2015) and more recent NSSI behaviors (Oldershaw et al., 2009 ) are associated with greater impairment. Additionally, higher levels of impulsivity likely play a role; increased self-reported impulsivity has been well-documented in NSSI (Hamza et al., 2015) , and reduced childhood response inhibition predicts NSSI behavior later in life (Meza et al., 2016) . However, only one study to date reported increased impulsivity as measured by both self-report and neuropsychological assessments. Claes and colleagues (2015) found that NSSI patients performed worse on the WCST relative to HC participants, and that perseverative errors positively correlated with self-reported impulsivity.
Cognitive interference, a core component of executive function associated with attentional control and inhibitory processing, requires attention-shifting by inhibiting prepotent responses in favor of less automatic ones (Lezak et al., 2004) . Aspects of this process are utilized in many therapeutic strategies, including cognitive behavioral therapy (CBT), in order to shift patients' thoughts and behaviors away from their natural maladaptive responses and replace them with more adaptive ones (Mennin & Fresco, 2014) . Legris and van Reekum (2006) suggest that attentional control helps override and inhibit prepotent negative thought patterns and can act as an "emotional buffer." As attentional control may facilitate proper emotional regulation, it is critical to clarify the pathophysiology of executive function impairment in NSSI patients.
Accordingly, the current study examined cognitive interference processing using the MultiSource Interference Task (MSIT) while collecting functional magnetic resonance imaging (fMRI) data in NSSI patients and HC participants.
The MSIT assesses cognitive interference processing and activates cingulo-frontalparietal (CFP) attentional network circuitry (Bush et al., 2003) . The CFP network is also involved in emotion regulation; specifically, the prefrontal cortex (PFC) is important for explicit
emotion regulation (e.g., reappraisal) while the cingulate cortex (CC), particularly the anterior cingulate (ACC), is associated with emotional reactivity (Etkin et al., 2015) . MSIT performance and neural activation have previously been assessed in anxiety/mood disorders including general anxiety disorder (GAD; Fitzgerald et al., 2013) , posttraumatic stress disorder (PTSD; Shin et al., 2011) , obsessive compulsive disorder (OCD; Cocchi et al., 2012; Fitzgerald et al., 2010; Yucel et al., 2007) , major depressive disorder (MDD; Davey et al., 2012) , and bipolar disorder (Gruber et al., 2017) . Overall, findings provide evidence for increased medial cingulate activity, particularly the dorsal ACC, (Fitzgerald et al., 2010; Shin et al., 2011; Yucel et al., 2007) decreased lateral frontal cortex activity, particularly the dorsolateral PFC (DLPFC; Fitzgerald et al., 2013) ; and abnormal inter-network connectivity (Cocchi et al., 2012; Davey et al., 2012; Fitzgerald et al., 2010) during MSIT interference processing.
Despite activation differences during the MSIT, differences in task performance are not typically observed in mood/anxiety disorders. To date, only one study demonstrated significantly lower MSIT accuracy, specifically, increased omission errors, in bipolar patients compared to HC participants (Gruber et al., 2017) . Interestingly, this study reported decreased CC and increased PFC activation in bipolar patients relative to HC participants, the opposite pattern typically observed in mood/anxiety disorders. Trends have been reported for slower response times in patients with PTSD (Shin et al., 2011) and lower accuracy in patients with OCD (Yucel et al., 2007) , but neither of these findings reached statistical significance. As the majority of MSIT studies report increased CC and decreased PFC activation without significant differences in task performance between clinical and non-clinical samples, researchers have suggested that MSIT-related dysfunction of the CFP network is potentially neurocompensatory (e.g., Gruber et al., 2012; Yucel et al., 2007) . This neurocompensatory theory suggests that
alterations in brain activation patterns (particularly increased CC activation) may be necessary for clinical patients to complete the task as successfully as HC participants.
There is a paucity of research concerning the neurobiology of NSSI behavior with scientific literature primarily concentrating on borderline personality disorder (BPD) or suicidal behavior, both of which share common features with NSSI. However, a limited number of studies have reported that individuals who engage in NSSI behaviors exhibit enhanced activation during emotional, social, and reward processing in frontal regions, including the anterior cingulate, orbitofrontal cortex, and additional regions within the prefrontal cortex (Brown et al., 2017; Groschwitz et al., 2016; Osuch et al., 2014; Plener et al., 2012; Vega et al., 2018) . In addition, both the CC and DLPFC have been implicated in emotional dysregulation, and suicidal planning in patients with BPD or a history of suicidal behavior suggesting that these regions of interest (ROIs) may also be relevant to the pathophysiology of NSSI (reviewed in Tatnell & Hasking, 2015) .
A single previous study examined task performance using the MSIT in patients with NSSI and HCs, and reported no between-group performance differences (Allen & Hooley, 2017) .
As no studies thus far have examined brain activation patterns in patients with NSSI during tasks requiring cognitive control, the current investigation acquired fMRI data from NSSI and HC participants during the completion of the MSIT. Given previous findings from samples of patients with mood and anxiety disorders, we hypothesized that NSSI patients would exhibit increased CC and decreased DLPFC activation relative to HC participants, and that neural activation alterations would be observed without significant, between-group performance differences. Further, as increased impulsivity has been well-documented in NSSI participants (e.g. Hamza et al., 2015) and NSSI behavior can be employed as a maladaptive emotion
regulation strategy, (e.g. Hooley & Franklin, 2017; Nock & Prinstein, 2004; McKenzie & Gross, 2014) we explored the relationship between MSIT-related neural activation and self-reported measures of emotional reactivity and impulsivity.
Methods and materials

Participants
Fifteen women reporting current skin-cutting behaviors (≥10 lifetime episodes) and fifteen HC women without NSSI were recruited from the Greater Boston area via flyers and electronic postings at local colleges/universities, McLean Hospital, and on Craigslist. Control participants were primarily recruited from a pool generated from ongoing studies at McLean
Hospital. Forty-four potential NSSI patients referred themselves for participation by contacting study staff. Prior to participation, patients completed a brief phone screen to determine eligibility for the study including demographic information, MRI contraindications, NSSI behavior, and psychiatric symptoms. A total of 37 participants (HC=20, NSSI=17) met eligibility criteria and were invited to complete the experimental session; however, 3 failed to respond to scheduling calls and were considered lost to follow-up; 3 were determined to be ineligible during the study visit due to significant marijuana use; and 1 decided she no longer wanted to participate due to time constraints.
All participants were right-handed women aged between 18-31 years. Exclusion criteria included head injury with loss of consciousness (≥10 min); history of medical illness affecting cognition; neurological disorders; non-native English speaking (required for the assessments);
MRI contraindications (e.g., claustrophobia, pregnancy); and, for HC participants, any current psychiatric diagnosis. Additionally, all participants completed the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) to assess whether the clinical and control groups were
matched for general intelligence (IQ). This study was approved by the McLean Hospital Institutional Review Board (IRB), and prior to participation, participants reviewed and signed an informed consent form. Study procedures were fully explained, including risks and benefits of participation and the voluntary nature of the study.
Assessments and procedures
Clinical Interview Measures
All participants were administered the Structured Clinical Interview for DSM-IV Disorders I (First et al., 2002 ) & II (First et al., 1997 None of the HC participants had any psychiatric disorders. Additionally, participants with NSSI also completed the Self-Injurious Thoughts and Behaviors Interview (SITBI), a 169-item clinical interview that evaluates the prevalence, frequency, and severity of five types of self-injurious behaviors: suicidal ideation, suicide plans, suicide gestures, suicide attempts, and NSSI (Nock et al., 2007) . The SITBI assesses lifetime, past year, past month, and past week prevalence as well as age of onset of each thought/behavior. The SITBI has high test-retest reliability (κ=1.00), inter-rater reliability (κ=1.00), and inter-informant agreement (κ=0.91) for NSSI, as well as strong construct validity when compared to the Functional Assessment of Self-Mutilation scale (κ=1.00 for presence of NSSI and all rs≥.64 across comparisons of subscales).
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Clinical Self-Report Measures
Participants completed a comprehensive battery of clinical rating scales comprised of well-validated measures designed to assess mood, emotional reactivity, and impulsivity. The
Beck Depression Inventory (BDI) is a reliable (α=0.86; Beck et al., 1988) scale assessing severity of depression over the past 2 weeks, and includes 21 items rated from 0-3 according to intensity of symptoms (Beck et al., 1961) . The State-Trait Anxiety Inventory (STAI) is a 22-item scale (α=0.86-0.95) that measures current anxiety levels (state) and general anxiety level (trait); items have a range of four response options depending on frequency of symptoms (Spielberger et al., 1983) . The short form of the Mood and Anxiety Symptom Questionnaire (MASQ) is a 62-item assessment (α=0.76; Watson et al., 1995) that provides measures of general distress from depression and anxiety-based symptoms as well as anxious arousal and anhedonic depression; items are rated from 1-5 based on how much each symptom was experienced in the past week (Watson & Clark, 1991) . The Positive and Negative Affect Schedule (PANAS) is a 20-item scale (α=0.84-0.90) that assesses positive affect associated with pleasurable engagement and negative affect associated with arousing aversive states; items are rated from 1-5 depending on how participants generally feel (Watson et al., 1988) . The Profile of Mood States (POMS) is a 65-item measurement (α=0.63-0.96) of current mood state for the individual domains of vigor, anger, confusion, tension, and depression, and a composite measure of total mood disturbance (TMD); items are rated from 0-4 based on how participants generally feel (McNair et al., 1971 ).
The Emotion Reactivity Scale (ERS) is a 21-item measure (α=0.94) that evaluates the extent to which participants experience emotions on a regular basis, and contains three subscales regarding how emotion is experienced: sensitivity, arousal/intensity, and persistence (Nock et al., 2008) . Items are rated from 0-4 depending on how much the participant feels the statement is
"like me." The UPPS Impulsive Behavior Scale (UPPS; Whiteside & Lynam, 2001 ) is a 59-item measurement (α=0.82-0.91) assessing impulsivity using five subscales: lack of premeditation, lack of perseverance, negative urgency, positive urgency, and sensation seeking; items are rated 1-4 from strongly disagree to strongly agree.
The Multi-Source Interference Task (MSIT)
While undergoing fMRI scanning, participants completed the MSIT (Bush & Shin, 2006) , which reliably and robustly activates the CFP network using two types of cognitive interference, spatial and flanker (Bush et al., 2003; Bush & Shin, 2006) . During the MSIT (Figure 1 ), threedigit stimuli sets (comprised of numbers 1, 2, 3, or 0) are presented briefly on a screen. Each stimulus set contains two identical numbers (distractors) and one target number, which is always different from the other two. Participants are instructed to report the identity of the target number regardless of its position using a button box. During the control condition, distractor numbers are zeros and the position of the target number is congruent to its corresponding position on the button box (i.e., 100, 020, or 003). During the interference condition, distractors are numbers other than zero, and the position of the target number is incongruent to its button box position (e.g., 211, 232, 331, etc.) . Immediately before scanning, participants completed a practice MSIT, and scanning did not commence until participants correctly completed at least three consecutive practice trials. Task parameters were identical to those described and utilized in previous studies (e.g., Gruber et al., 2012; .
MSIT performance was recorded for both task conditions, and a derived contrast (interference-control) was calculated to assess the specific contribution of the interference condition. Dependent variables included average response time for correct responses (ms), percent accuracy, and errors. Errors were subdivided into two types: 1) omission errors (no
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Statistical methods and analyses
Two-tailed, univariate analyses of variance (ANOVAs) were used to compare the two groups on demographic variables as well as MSIT performance variables. As the NSSI group was expected to have more severe clinical symptomatology than the HC group, one-tailed ANOVAs were used for those analyses. All MSIT performance data was screened for outliers ( ̅ ; subsequently, performance data from one HC was excluded. In order to ensure results were not influenced by this outlier, fMRI analyses were completed both including and excluding data from this subject which did not significantly impact the results.
Imaging methods
Imaging was performed on a Siemens Trio whole body 3T MRI scanner (Siemens Corporation, Erlangen, Germany) using a quadrature RF head coil; 40 contiguous coronal slices were acquired, providing whole brain coverage (5mm, 0mm skip). Images were collected every 3s using a single shot, 64x64 acquisition matrix, gradient pulse echo sequence (TR=3000ms, TE=30ms, flip angle=90, FOV=20cm) in plane resolution 3.125x3.125x3.125mm 3 , equaling total of 132 images per slice.
Functional MRI images were analyzed using Statistical Parametric Mapping (SPM8, version 4290, Wellcome Department of Imaging Neuroscience, University College, London, UK). First, blood oxygen level dependent (BOLD) fMRI data were corrected for motion using a 2-step, intra-run realignment algorithm, which used the mean image created after the first realignment as a reference. Root mean square of x, y, and z translation was calculated and ≥3mm of head motion was exclusionary. Motion was further assessed as frame-wise
displacement, root mean square of translation, and the absolute euler angle; t-tests indicated that none of these motion variables were significantly different between groups (all ps≥.58).
Additionally, signal to noise ratios (SNR) were calculated for each participant, and SNR below 40 was exclusionary. Realigned images were then normalized in Montreal Neurological Institute stereotactic space, resampled into 2mm 3 voxels, and spatially smoothed using an isotropic
Gaussian kernel (8mm full width at half maximum) without global scaling. High-pass temporal filtering (cutoff=128s) was applied, and serial autocorrelations were modeled with SPM8's AR(1) model.
Statistical parametric images were calculated individually for each subject, using a general linear model that accounted for task-related changes, with each condition modeled as a block design with a boxcar waveform. At the first level, three regressors were fit to the data:
baseline fixation, control condition, and interference condition. Activation was averaged across condition blocks without adjustments for individual item performances. Direct contrast images (interference-control) were calculated for each subject, entered into second level models, and subjected to voxel-wise, 1-sample t-tests. Then the NSSI and HC groups were compared using between-group t-tests. Analyses were performed including the movement parameters as regressors. ROI masks (CC and DLPFC) were created using the Wake Forest University PickAtlas utility (Maldijan et al., 2003) . The statistical threshold was set at uncorrected p≤0.01
and a minimum cluster extent k≥10 contiguous voxels.
Correlation Analyses: fMRI Activation with Emotional Reactivity and Impulsivity
Individual participants' fMRI activation values from the CC and DLPFC were calculated as voxel counts extracted using the MarsBaR SPM toolbox (Brett et al., 2002) . Pearson
correlations (2-tailed) were performed to examine the associations between individual fMRI activation and measures of emotional reactivity and impulsivity.
Results
Demographics & clinical state
The NSSI and HC groups were well-matched for age. While a trend emerged for the HC group to have slightly more years of education (p=.063), IQ did not differ significantly between the groups ( NSSI participants endorsed significantly higher levels of self-reported impulsivity than the HC group; however, the UPPS sensation seeking subscale was the only clinical rating on which the groups did not significantly differ ( Table 1) .
MSIT performance & neuroimaging
The NSSI and HC group demonstrated similar performance on the control and interference conditions of the MSIT as well as the interference-control contrast, with no significant differences noted for any variable ( Table 2) .
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Within the CC, between-group t-tests revealed three local maxima (k=77) with the NSSI group showing more activation relative to the HC group (Table 3, Figure 2B ); no local maxima revealed greater activation in the HC relative to the NSSI group. Within the DLPFC, one local maxima (k=10) emerged in which the NSSI group activated more than the HC group, and two local maxima (k=172) emerged in which the HC group activated more than the NSSI group (Table 3, Figure 2B ). These results demonstrate a clear pattern of greater CC activation coupled with decreased DLPFC activation in the NSSI group relative to the HC group during the interference-control contrast of the MSIT.
Correlation Results: fMRI Activation with Emotional Reactivity and Impulsivity
Within the NSSI group, emotional reactivity measured by the ERS inversely correlated with DLPFC activation. Specifically, higher Emotional Sensitivity ratings (r(12)=-.620, p=.018) and Total Emotional Reactivity scores (r(12)=-.569, p=.034) were associated with less DLPFC activation ( Figure 3A) . Additionally, a trend was noted between higher Emotional Persistence ratings and lower DLPFC activation (r(12)=-.463, p=.096). Impulsivity measured by the UPPS inversely correlated with DLPFC activation during the MSIT; Negative Urgency scores were inversely correlated with DLPFC activation (r(13)=-.539, p=.038), and a trend was noted for
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Lack of Perseverance ratings to negatively correlate with DLPFC activation (r(13)=-.481, p=.070; Figure 3B ). Within the HC sample, ERS and UPPS scores did not significantly correlate with DLPFC activation. CC activation did not significantly correlate with emotional reactivity or impulsivity in either sample.
Discussion
As hypothesized, NSSI patients demonstrated altered CFP attentional network activation, specifically increased CC and decreased DLPFC activation, during the MSIT relative to HC participants. These findings are consistent with previous MSIT neuroimaging studies in anxiety disorders, which have reported increased medial CFP network activation, particularly in the dorsal ACC, and provide some evidence for decreased lateral frontal CFP network activation in the DLPFC (Cocchi et al., 2012; Fitzgerald et al., 2010; Shin et al., 2011; Yucel et al., 2007) . Findings are also consistent with previous studies of NSSI patients reporting increased activation within frontal circuitry related to social, emotional and reward processing (Brown et al., 2017; Groschwitz et al., 2016; Osuch et al., 2014; Plener et al., 2012; Vega et al., 2018) .
With regard to MSIT performance, similar to previous MSIT studies of NSSI (Allen & Hooley, 2017 ) and mood/anxiety disorders (Cocchi et al., 2012; Davey et al., 2012; Fitzgerald et al., 2010; Shin et al., 2011; Yucel et al., 2007) , the current study found no evidence of significant between-group differences, providing further support to the neurocompensatory theory, which posits that increased neural activation is necessary for clinical populations to successfully complete the MSIT. Additionally, the current study found significantly greater mood disturbance, maladaptive emotional reactivity, and impulsivity levels in the NSSI group relative to the HC group. Interestingly, decreased DLPFC activation during the MSIT ACCEPTED MANUSCRIPT
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significantly correlated with increased self-reported impulsivity and emotional reactivity in NSSI patients only; no such correlations were observed in the HC sample.
Despite evidence that NSSI patients have significantly higher levels of self-reported impulsivity compared to HC participants (Hamza et al., 2015) , most NSSI research assessing behavioral impulsivity with cognitive tasks has yielded non-significant results (Claes et al., 2012; Glenn & Klonsky, 2010; Janis and Nock, 2009; McCloskey et al., 2012) . In fact, only Claes and colleagues (2015) reported increased impulsivity as measured by both self-report and cognitive assessments. However, a meta-analysis indicated that self-report measures of impulsivity tend to only weakly correlate with cognitive measures (Cyders & Coskunpinar, 2011) , suggesting that these assessments may not measure the same constructs of impulsivity. McCloskey and colleagues (McCloskey et al., 2012) posit that self-report scales measure self-perceived overall impulsivity, while cognitive measures assess impulsivity/executive functioning related to individual task demands at specific time points, which may not account for emotional stressors that drive impulsive behaviors outside of laboratory environments. These findings highlight the importance of utilizing multimodal research strategies to assess impulsivity.
With regard to the neuroimaging results, Dosenbach and colleagues (2007) proposed that the CFP attentional network is composed of two synergistic sub-networks: the cingulo-opercular and frontoparietal systems. The cingulo-opercular system is comprised of medial regions of the cingulate and subcortex, particularly the ACC, and is associated with overall maintenance of task performance and set maintenance. Interestingly, previous research has observed that increased dorsal ACC activation during the MSIT is correlated with poorer task performance and longer response times in OCD, suggesting that increased ACC activation is associated with more difficulty successfully completing the task (Fitzgerald et al., 2010; Yucel et al., 2007) . The
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frontoparietal system is comprised of lateral regions of the frontal and parietal cortices, particularly the DLPFC, and is associated with moment-to-moment task processing and setshifting. Accordingly, one potential interpretation of the current fMRI findings is that NSSI may be linked to impaired moment-to-moment processing during the MSIT, as indicated by reduced DLPFC activation, and therefore greater activation of the CC is necessary to maintain task performance. However, additional research is necessary to clarify the specific impact of the observed fMRI alterations in patients with NSSI.
Further, dorsal ACC activation during the MSIT positively correlated with clinical symptoms in patients with PTSD (Shin et al., 2011) . While the current study did not report any significant correlations between CC activation and clinical symptomatology, both emotional reactivity and impulsivity measurements inversely correlated with DLFPC activation in NSSI patients but not HC participants. Fitzgerald and colleagues (2013) suggested that decreased DLPFC activation in OCD patients may reflect impairment of the capacity to adjust repetitive anxious thoughts. In the current study, decreased DLPFC activation associated with poorer emotional reactivity and increased impulsivity may help drive NSSI behaviors.
Numerous studies using other cognitive interference tasks in clinical and HC samples have demonstrated altered CC activation during non-emotional tasks of cognitive interference (Bush et al., 1998; . Previous findings suggest that increased CC activation during cognitive interference is associated with higher anxiety. For example, PTSD patients showed increased dorsal ACC activation on the Stroop compared to HC participants, and clinical improvement was significantly associated with reduced ACC activation (Thomaes et al., 2012) .
Further, Comte and colleagues (Comte et al., 2015) recently found that increased ACC activation during cognitive interference processing significantly correlated with increased ratings of self-
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reported anxiety in HC participants, and connectivity between the ACC and DLPFC inversely correlated with measures of anxiety. The authors suggest that poor clinical state results in inefficient higher-order cognitive control, characterized by impaired connectivity between the ACC and DLPFC, resulting in increased ACC and decreased DLPFC activation (Comte et al., 2015) . These finds are consistent with the current results, and provide evidence for a specific pattern of increased CC and decreased DLPFC activation during cognitive interference processing in psychiatric samples, which is related to higher clinical symptomatology.
Limitations and future directions
Results should be interpreted in the context of several limitations. As females are three times more likely to engage in NSSI than males (Barrocas et al., 2012) , the current study only included female participants. However, it is possible that sex differences may exist among NSSI patients. Additionally, participants referred themselves for this study, which may have biased the sample; however this decision was made to facilitate recruitment and, in the case of NSSI participants, ensure voluntary participation without pressure from treatment providers. Further, the current study was comprised of young adults, but a broader age range may yield different results. Furthermore, the current study had modest sample sizes, which reduces statistical power to detect small effect sizes; however similar sample sizes are typical for neuroimaging studies (e.g., Cocchi et al., 2012; Fitzgerald et al., 2010; Shin et al., 2011) , and smaller sample sizes have previously been reported in neuroimaging studies using the MSIT (e.g., Ikuta et al., 2012) .
NSSI is associated with several psychiatric disorders including mood and anxiety disorders, therefore entry criteria for the current study did not include diagnosis of a specific psychiatric disorder. However, NSSI behavior may be related to severity of psychiatric symptomatology (e.g., increased suicidal behavior; Ribiero et al., 2016) , which may mediate the
observed results. Future studies should further clarify the unique impact of NSSI behavior in clinical samples by including a non-NSSI, psychiatrically-matched control group. Additionally, previous research has indicated that medication, particularly antipsychotics, may impair MSIT performance (Ikuta et al., 2014) and may alter CFP network activation (e.g., Strakowski et al., 2005 ). In the current study, only five of the NSSI participants reported current psychiatric medication use (antidepressants: n=5; antipsychotics: n=2; anxiolytics: n=2; stimulants: n=1).
As relatively few participants reported use of psychiatric medication, it was not controlled for in subsequent analyses. However, the single study demonstrating medication effects during the MSIT reported impaired performance associated with antipsychotic treatment (Ikuta et al., 2014) .
Given the lack of significant, between-group performance differences in the current study, it is unlikely that the five NSSI participants taking psychiatric medications significantly impacted overall group performance. Previous studies examining the impact of psychiatric medication report attenuated activation of the CFP network (e.g., Bell et al., 2005) . While this may have mediated some of the decreased DLPFC activation observed in the NSSI group, we report increased (not attenuated) CC activation, minimizing concern regarding the impact of psychiatric medication.
Interestingly, the only previous study to examine the MSIT in NSSI and HC participants reported no significant between-group performance differences at baseline or following negative mood induction (Allen & Hooley, 2017) ; the authors suggested that increased negative mood did not correspond with increased behavioral impulsivity in NSSI. This interpretation is consistent with previous studies reporting no significant MSIT performance differences between HC and clinical samples (Cocchi et al., 2012; Davey et al., 2012; Fitzgerald et al., 2010; Shin et al., 2011; Yucel et al., 2007) . However, as the MSIT was specifically designed as a neuroimaging
paradigm to assess CFP attentional network activation (Bush et al., 2003) , data from imaging studies may provide a more sensitive and specific measure of cognitive interference processing during the MSIT. Future studies should further examine the effect of negative mood on MSIT neural activation patterns in NSSI patients.
Finally, data from the current study underscores the importance of identifying pathophysiological processes associated with cognitive processing in NSSI. Future studies should examine the potential impact that impaired cognitive function may have on efficacy of NSSI treatment. A recent review found that although standard cognitive-based therapies for NSSI (e.g., CBT) were associated with decreased NSSI behavior, the impact of these interventions was comparable to treatment as usual, suggesting that adding specialized treatment interventions to traditional therapy did not improve NSSI (Gonzalez & Bergstrom, 2013) .
Interestingly, some research has suggested that neural activation patterns during executive function tasks may predict treatment efficacy. For example, increased medial frontal gyrus activation and decreased inferior frontal triangle activation during WCST were associated with improved CBT outcomes in elderly, depressed patients; these results were observed even though WCST performance itself was not a significant predictor of treatment efficacy (Thompson et al., 2015) . Similarly, patients with substance use disorders exhibited decreased ACC and inferior frontal gyrus activation during the Stroop after CBT relative to pre-treatment activation levels (DeVito et al., 2012) . Future research should continue to explore the impact of cognitive function on cognitive-based therapies for NSSI using functional imaging, as neural activation patterns may be sensitive to these treatment strategies.
Conclusions
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Results from the current study demonstrate that, despite similar between-group task performance, NSSI patients demonstrated significantly increased CC activation and significantly decreased DLPFC activation during the MSIT relative to HC participants. Further, DLPFC activation inversely correlated with emotional reactivity and impulsivity within the NSSI sample, suggesting that decreased DLPFC activation was related to poorer emotional control and increased impulsivity. These results provide evidence that women who engage in NSSI utilize different neural circuitry during cognitive interference processing compared to healthy individuals, which may be related to impaired impulse control. 
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